The authors examine the research evidence on the effect of residential segregation on health, identify research gaps, and propose new research directions.
Four recommendations are made on the basis of a review of the sociological and social epidemiology literature on residential segregation: (1) develop multilevel research designs to examine the effects of individual, neighborhood, and metropolitan-area factors on health outcomes; (2) continue examining the health effects of residential segregation among African Americans but also initiate studies examining segregation among Hispanics and Asians; (3) consider racial/ethnic segregation along with income segregation and other metropolitan area factors such as poverty concentration and metropolitan governance fragmentation; and (4) develop better conceptual frameworks of the pathways that may link various segregation dimensions to specific health outcomes. (Am J Public Health. 2003; 93:215-221) PUBLIC HEALTH RESEARCH HAS uncovered significant racial/ethnic disparities in mortality and health outcomes. [1] [2] [3] [4] [5] [6] [7] Spatial separation of population groups along racial/ethnic lines-and, to a lesser extent, along economic lines [8] [9] [10] [11] -is a key feature of the social organization of US urban areas. To date, several ecological studies conducted at the metropolitan area and city levels have shown positive associations between racial residential segregation and infant mortality rates, 12 adult mortality rates, 13 and crime rates 14 among African Americans.
Here we first review the sociological literature on residential segregation, focusing on the concepts and empirical evidence that can be applied to research on racial/ethnic health disparities. We then review the literature on the relationship between residential segregation and health outcomes, noting existing conceptual and research design gaps in relation to the sociological literature. We conclude by suggesting that, to assess the role of residential segregation in racial/ethnic health disparities, there is a need for a multilevel approach grounded in both the sociological and social epidemiology literatures on neighborhood effects 15 and residential segregation. 8, 9, 16 
SOCIOLOGY OF RESIDENTIAL SEGREGATION Residential Segregation and Racial/Ethnic Discrimination
The US sociological literature suggests that residential segregation along racial/ethnic lines is not primarily a result of the residential preferences of minority groups. National and metropolitan area surveys have shown that, on average, African Americans and Hispanics would be more willing than Whites to live in relatively integrated neighborhoods. [17] [18] [19] On the other hand, several studies, including audit studies involving experimental designs, have indicated that African Americans and Hispanics continue to face discrimination in housing and mortgage markets even after income has been controlled. 20, 21 Discrimination prevents upwardly mobile members of minority groups from becoming more spatially integrated with Whites.
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Residential Segregation by Race/Ethnicity vs Income
Conceivably, racial/ethnic residential segregation could be a reflection of the large socioeconomic status (SES) gaps that exist between members of US minority groups and Whites at the individual level. However, this does not appear to be the case. 18 The available evidence indicates that segregation by race/ethnicity is stronger than segregation by income; that is, race and ethnicity sort individuals of comparable SES into vastly different neighborhood environments. In 1980 and 1990, income segregation reached only "moderate" levels. 8 Conversely, in the same years, African American segregation was at a "high" level (according to accepted sociological definitions).
9
Residential Segregation and Poverty Concentration
A highly significant issue in the sociological literature is whether the increasing concentrations of neighborhood poverty documented since the 1970s can be primarily attributed to the high levels of residential segregation experienced by members of minority groups, to economic factors (e.g., increasing income inequality), or to the interaction of segregation and economic factors. 8, 9, 23, 24 Using 1970 to 1990
census data for 60 metropolitan areas, Massey and Fischer 25 showed that interactions between residential segregation and income inequality were exhibiting strong effects on the spatial isolation of the poor by 1990.
Dimensions of Segregation
Residential segregation refers to segregation in regard to the composition and spatial distribution of the population of an entire metropolitan area across its neighborhoods; thus, residential segregation is a multilevel concept that combines information on 2 geographic scales. It is also a multidimensional construct consisting of 5 distinct geographic patterns: dissimilarity, isolation, clustering, centralization, and concentration. 26, 27 Because racial residential segregation usually refers to the separation of Blacks from Whites, we refer to the dimensions in terms of Black-White segregation. However, the dimensions apply equally to other racial/ethnic groups and subgroups as well as to income segregation (e.g., segregation of poor from nonpoor individuals). Dissimilarity, or unevenness, refers to the distribution of Blacks and Whites across neighborhoods in a given urban area, specifically the degree to which each neighborhood incorporates the same proportion of Blacks and Whites as the urban area overall. Isolation refers to the average probability of contact between Blacks and Whites at the neighborhood level. Clustering refers to "ghettoization," that is, the degree to which Black neighborhoods are contiguous to each other as opposed to dispersed across the metropolitan area. Centralization refers to the degree to which Black neighborhoods are located near the metropolitan area's central city as opposed to its suburbs. Concentration refers to the population density of the segregated group across the metropolitan area relative to the density of other groups. 26, 27 Because of the multidimensional conceptualization of segregation, a group can face segregation on more than one dimension simultaneously. For example, Blacks residing in metropolitan areas with high levels of isolation might also experience high levels of clustering and concentration. Such patterns are referred to as hypersegregation. 28 Discrimination in housing and mortgage markets and prejudice have been important factors in shaping African American segregation. 10, 28 There is also evidence of housing and mortgage discrimination against Hispanics (albeit less pronounced than that against African Americans). 20 Hispanic and Asian segregation has been attributed to the preference that immigrants have for settling down in "ethnic enclaves" to ease their adjustment to US society. [31] [32] [33] Hispanic and Asian segregation tends to diminish as immigrants assimilate.
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The patterns and average levels of racial/ethnic segregation among various minority groups changed modestly from 1970 to 1990 10, 28 and from 1990 to 2000. 30 Although patterns of income segregation are not as well documented, Jargowsky 8, 34 showed that, between 1970 and 1990, residential segregation according to income level increased, especially among African Americans and Hispanics. Given the extensive treatment of residential segregation in the sociological literature and the significant disparities in health outcomes between members of minority groups and Whites, it is not surprising that social epidemiologists have examined whether racial residential segregation can account for such disparities. We review the empirical evidence resulting from this line of inquiry in the next section.
RESIDENTIAL SEGREGATION AND HEALTH
Using the OVID search engine, we searched MEDLINE for the period 1966 to September 2002 using segregation as a keyword, and we searched SOCIOFILE for the period 1974 to March 2002 using residential segregation as a keyword. We included studies with the term segregation in the title or abstract, restricting our search to articles in which residential segregation was analyzed. We included studies that involved mortality and health outcomes. We also reviewed the references from these studies to identify studies published before 1966. We identified 29 relevant studies.
2,12-14, 22, The majority of studies examined the effect of racial residential segregation on the health outcomes of African Americans. LaVeist 12,55 and Polednak 49, 50, 54 showed a positive association between Black-White dissimilarity and Black infant mortality rates after controlling for metropolitan area poverty rates. After the initial focus on infant mortality, several authors examined the association between racial residential segregation and mortality in other age groups. Their general finding was that Black mortality is positively associated with residential segregation 2, [44] [45] [46] 53, 590, 28 and with residence in predominantly Black areas.
13,41
Another set of studies originating in the sociological literature has shown a positive association between segregation (dissimilarity, isolation, or both) and Black homicide rates.
14,43,52 Potter 2 found that racial isolation, through its effect on homicide, had a strong effect on the life expectancy differential between Blacks and Whites. This finding was particularly important in that homicide was the cause of death exhibiting the largest impact on racial differentials in life expectancy. For the most part, segregation research has focused on mortality outcomes. However, a few more recent studies have examined a variety of non-mortalityrelated outcomes such as teenage childbearing, 47 tuberculosis, 39 cardiovascular disease, 38 availability of food establishments serving healthy fare, 36 and exposure to toxic air pollutants. 37 
Racial/Ethnic Groups
A majority of the studies that we reviewed revealed a detrimental effect of Black-White segregation on African American mortality outcomes or on BlackWhite mortality differentials. A few of the studies also examined the effect of Black-White segregation on White mortality rates. The findings for Whites were mixed, however. As summarized by Collins and Williams, 47(p503)  RACIAL/ETHNIC BIAS AND HEALTH  "the consequences of segregation, if any, for the health of whites are not well understood." Only one study analyzed the effect of segregation on Hispanic mortality rates. 59 A recent study examined the effects of segregation, redlining (operationalized as census tracts where Asian home mortgage loan applicants were disfavored by 40% in comparison with White applicants), and self-perceived discrimination on various health outcomes among Chinese Americans residing in Los Angeles. 60 
Income Segregation and Other Metropolitan Area Variables
Because of the preeminent status of racial/ethnic segregation, US research has focused on the relationship between this type of segregation (as opposed to income segregation) and health outcomes. Among the studies reviewed here, only 2 examined income residential segregation 35, 61 and found it to be positively associated with mortality. However, these studies examined mortality only among all racial/ ethnic groups combined (rather than mortality rates according to race/ethnicity), and they did not examine racial/ethnic segregation vis-à-vis income segregation. Cooper et al. 57 analyzed the roles of (race-specific) income inequality and racial segregation and found that, in the case of African Americans, both variables were positively associated with mortality. Studies of segregation and health have focused little attention on other characteristics of the spatial organization of metropolitan areas. Only 2 of the studies 43 
Segregation Dimensions
Most of the studies reviewed involved the use of segregation indexes described in the sociological literature. However, health research has largely overlooked the complexity of residential segregation. In general, most of our sample of studies included only dissimilarity indexes and lacked a conceptual justification for focusing on this segregation dimension.
Research has only recently begun to address the relationship between health outcomes and segregation dimensions other than dissimilarity. 40, 44 In several of the present studies, isolation indexes were used, providing a conceptual justification for focusing on this dimension. 
Pathways Between Residential Segregation and Health
Studies focusing on segregation and health have incorporated a framework that is largely based on the sociological evidence relating segregation to the formation of extremely different neighborhood environments, as well as to restricted socioeconomic opportunities for minority individuals. 58, 62, 63 Therefore, in general, it is hypothesized that segregation affects health indirectly through quality of neighborhood environment, concentration of poverty, or shaping of the socioeconomic attainment of minority group members. 58, 62, 63 However, most study designs have not been suitable for testing these pathways. Only one of the studies reviewed 43 tested whether poverty concentrations mediate the effect of segregation on health, while a few studies misspecified this pathway by controlling for metropolitan aggregate poverty rate as opposed to poverty concentration (i.e., race/ ethnicity-specific exposure to poverty across neighborhoods). No multilevel studies have addressed the relationship between segregation and health through the use of indicators of neighborhood environment quality.
NEW DIRECTIONS IN SEGREGATION AND HEALTH RESEARCH
Current sociological research underscores the continued significance of race in shaping inequality in urban areas. 64 In the health field, there is increasing awareness and documentation of racial/ethnic health disparities. Therefore, continued exploration of racial residential segregation as a factor contributing to health inequalities is clearly warranted. The focus on segregation as an expression of institutional racism is also warranted but, as discussed subsequently, could be strengthened with a multilevel framework and attention to other forms of urban inequality.
Multilevel Research Designs
Segregation and health studies have mostly relied on aggregate data, and improving ecological research designs remains an important task (later we discuss possible extensions of previous studies). However, ecological studies cannot untangle the pathways, including metropolitan area, neighborhood, and individual-level factors, through which segregation may influence health. 63 To date, the neighborhoods and health literature and the segregation and health literature have intersected only minimally. 62 Integrating these 2 lines of research into a multilevel framework may help place neighborhoods in the context of their metropolitan areas, with the attending implications for social and public health policy. Recent directions in urban inequality studies 64 and neighborhoods and health research 65, 66 suggest the potential, in terms of providing an understanding of the dynamics of health inequalities, of multilevel health surveys of household members from neighborhoods in several major metropolitan areas with various types of racial/ethnic diversity and segregation patterns. Multilevel designs may allow researchers to determine
• whether neighborhood characteristics have an effect on health after taking into account individual-level factors and, in turn, ex-amining whether metropolitan area characteristics have an effect on health after controlling for both individual-and neighborhood-level factors (i.e., compositional vs contextual effects). For example, minority group members may experience worse health outcomes in residentially isolated neighborhoods in relatively poor metropolitan areas than in similarly isolated neighborhoods that belong to relatively affluent areas.
• whose health is negatively affected by segregation. 
Additional Racial/Ethnic Groups
The saliency of race in the United States and the negative health outcomes experienced by African Americans have led to an almost exclusive focus on Black-White segregation in the health literature. Previous sociological research suggests that both the levels of segregation and the causes of segregation experienced by US minority groups vary considerably. 69, 70 Future studies should explore whether segregation across various minority groups has similar effects on health outcomes. Different segregation levels across various racial/ethnic groups may have differing effects on health; that is, segregation may have a negative impact on African Americans' health because African American segregation is more prevalent. Studying segregation across different racial/ ethnic groups and subgroups can help elucidate thresholds above which segregation may have a detrimental effect on health outcomes.
Studies that examine African American segregation vis-à-vis Hispanic/Asian segregation may also shed light on the role played by various causes of segregation. African American segregation may have a negative effect on health outcomes because it is largely the result of discrimination, where as Hispanic/Asian segregation may be the result of immigrants' residential preferences for settling in areas where co-ethnic social networks are available. To our knowledge, the effect of residential segregation on the health status of Native Americans (residing on reservations or trust lands or in metropolitan areas) remains to be studied. 58 
Income Segregation and Other Metropolitan Area Variables
Future research should simultaneously explore the relationship between racial segregation and health and the relationship between income segregation and health, including the issue of whether residential segregation by income mediates or moderates the effect of racial segregation. Recent US social history constitutes a good natural experiment to examine such issues. For instance, did the 1970 to 1990 increase in income segregation described earlier compound the effect of racial segregation on mortality? A longitudinal examination of the relationships between racial/ethnic segregation and mortality and between income segregation and mortality would seem to be a promising approach.
Research has suggested that neighborhood effects are linked to factors affecting the metropolitan area as a whole. 78, 16, 71, 72 Future studies will require conceptual and empirical exploration of other metropolitan area processes that may mediate the relationship between segregation and mortality/morbidity. Poverty concentrations, social inequalities between central cities and suburbs, and metropolitan governance fragmentation deserve special attention.
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Segregation Dimensions and Possible Pathways to Health
Much of the conceptual complexity present in the sociological literature has yet to be incorporated into the social epidemiological research on residential segregation and health. Future research should emphasize the conceptualization of specific pathways through which various segregation dimensions may be positively associated with both overall and cause-specific mortality and morbidity in various age groups and operationalize such pathways through the use of multiple (conceptually justified) segregation indexes. Previous empirical research on the association between specific segregation dimensions and socioeconomic outcomes 29 may guide the identification of causal pathways between segregation and health. In the paragraphs to follow, we propose some mechanisms through which various segregation dimensions may influence health. Surprisingly, despite the reliance on measures of dissimilarity in health studies, this is the segregation dimension involving the least clear conceptual relevance for health outcomes. If not accompanied by high levels of segregation along other dimensions, such as isolation and density, uneven distribution of minorities may not have a negative impact on health. Empirically, dissimilarity is less associated with neighborhood quality and SES indicators than other segregation dimensions. 29 Isolation may affect certain health outcomes by limiting contact (i.e., exposure) between the segregated group and the other members of the population. For instance, in metropolitan areas where a given group is highly residentially isolated (and other  RACIAL/ETHNIC BIAS AND HEALTH  conditions for sustained transmission exist), infectious diseases may be confined to isolated neighborhoods. 40, 73 Similarly, in the presence of other social conditions that induce violent behavior, high levels of isolation may be associated with high rates of intraracial (as opposed to interracial) homicide among the segregated group. 52 Research evidence suggests the possibility that environmental hazards are more likely to be located in predominantly minority (or poor) neighborhoods. 74, 75 In areas where isolation is high, it may be politically more feasible to locate hazards in minority communities, because the risk for the majority (nonpoor) population may be lower.
Clustering of disadvantaged neighborhoods may further constrain social and economic opportunities for the segregated group. The social (e.g., crime) and health effects of one's neighborhood of residence can be mitigated or exacerbated depending on the socioeconomic characteristics of the surrounding neighborhoods. 76, 77 In a metropolitan area with a high level of racial/ ethnic "ghettoization," it may be more difficult for ghetto residents to access other parts of the metropolitan area in search of, for example, retail outlets or social and health services. Also, social groups at high risk for transmission of infectious diseases (e.g., sexually transmitted diseases) may cluster in "core" census tracts. 73, 78 The spread of infectious diseases from US inner-city disease epicenters to the surrounding suburbs may be a function of degree of centralization (e.g., dispersal of poor populations from the central city). 79 A similar pattern of "diffusion" from central city epicenters to the surrounding areas exists in regard to other social and health outcomes as well, such as crime and low birthweight. 80, 81 It remains to be tested whether this pattern responds to a spatial social gradient in the concentration of disadvantage from higher levels in central cities to lower levels in outer suburbs. In the case of outcomes that may respond to transmission/diffusion (e.g., infectious diseases or crime), an alternative mechanism may be the interaction between central city and suburban residents. Concentration or density of marginalized populations may be an important determinant of infectious disease transmission, 40, 79 in that it may increase contact between infectious and susceptible individuals. High degrees of concentration (and isolation) of ethnic/racial minority groups or disadvantaged populations may also facilitate geographic targeting on the part of anti-public health entities such as the tobacco and alcohol industries. 82, 83 Finally, in empirical terms, concentration is the segregation dimension most clearly linked to indicators of lower SES among African Americans. 29 
SUMMARY AND CONCLUSIONS
A large body of sociological and policy literature strongly suggests that residential segregation has been a key factor in creating substantial inequalities in opportunity across space (i.e., neighborhoods) and across individuals along racial/ethnic lines. 9, 25, 34, 58, 64, 71 Ecological health studies have shown that segregation is positively associated with mortality rates and certain health outcomes among African Americans. However, only multilevel research designs will allow us to examine the effects of individual, neighborhood, and metropolitan area factors on health outcomes. We should continue to address the health effects of residential segregation on African Americans but also initiate comparative studies examining segregation of Hispanics and Asians. Racial/ethnic segregation is a key factor, but one that should be considered along with other metropolitan area characteristics such as income segregation, poverty concentration, and metropolitan governance fragmentation. It will also be important to develop better conceptual frameworks of the pathways that may link various segregation dimensions to specific health outcomes. 
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